Satellite Systems (CyGNSS) are evaluated as a function of several topographic parameters derived from a Digital Elevation Model (DEM). Terrain Ruggedness Index (TRI) and profile curvature have a moderate-to-strong impact on CyGNSS-derived trailing edge ( TE ) and reflectivity  for low elevation angles e ~ [20, 30]º (r_TRI_  ~ -0.39, r_TRI_ TE ~ 0.39, r_curv_  ~ 0.41, r_curv_ TE~ -0.38). On the other hand, local slopes have an influence on  and TE for a constant curvature level, while both observables are independent of the slopes for a constant TRI.
INTRODUCTION
Topography is a key element in several processes such as hydrology, climatology, geography, and ecology. On the other hand, it is well known that topography distorts monostatic radar signatures. However, it remains uncertain up to what extend topography influences GNSS-R data and how these effects can be corrected [1] [2] [3] . This aspect remains a bottleneck in the community.
GNSS-R missions are aimed to revolutionize several scientific disciplines thanks to their passive multistatic radar properties [4] . The application of GNSS-R over land surfaces is becoming of increasing interest, however only a reduced number of studies have been performed using spaceborne data. On the other hand, the relief-induced distorsions remain uncorrected.
The main purpose of the present investigation is to further understand the effects of rough topography using data from the CyGNSS eight-microsatellites Global Positioning System (GPS) C/A code-based constellation [5, 6] . The counterpart of the "radar pulsewidth" in CyGNSS is ~ 300 m (1 C/A code chip). As such, the reflected DDMs [7] are sensitivite to the relative orientation of the scattering surfaces, but also to the vertical relief distribution. At L-band (λ ~ 20 cm), the scattering over areas with rough topography should be totally diffuse, and the statistics of the reflected signals should be similar to that of speckle noise.
EFFECTS OF TOPOGRAPHY IN DELAY DOPPLER MAPS
Over regions without rough topography, DDMs can be expressed as follows:
where  is the Woodward Ambiguity Function (WAF), 0  is the bistatic scattering coefficient,  is the delay of the signal from the transmitter to the receiver, D f is the Doppler shift of the reflected electromagnetic signal, and  is the 2-D convolution in both domains, delay and Doppler.
The WAF can be defined as follows:
where  is the autocorrelation function of the Pseudo-Random Noise (PRN) codes and S is the system impulse response in the frequency domain. The WAF defines the delay and Doppler selectivity of the coherent radar [7] . Regions with rough topography are characterized with a RMS of the surface height variation higher than the length of the GNSS-code under study. The effects of rough topography in the DDMs can be understood as:
where the function  represents the mean density of scattering points as a function of the delay and the Doppler shift.
 depends on the local topography but also on the GNSS satellites elevation and azimuth angles, the relative velocity of the transmitter and the receiver, etc. 8663 978-1-5386-9154-0/19/$31.00 ©2019 IEEE IGARSS 2019 
METHODOLOGY

TOPOGRAPHIC PARAMETERS
Topographic heterogeneity is described as the variability of elevations within an area. Topography is an important parameter that disturbs D Y( , f )  because local surface slopes modify the scattering coefficient. In this work, the DEM products of 250 m from the Global Multi-resolution Terrain Elevation Data 2010 (GMTED2010) are used to derive the following topographic descriptors using a 3x3 cell moving window [8] : • Topographic Position Index (TPI): Difference between the elevation of a focal cell and the mean of its 8 surrounding cells. Positive and negative values correspond to ridges and valleys, respectively.
• Slope: Rate of change of elevation in magnitude for the steepest descet vector. It is computed as the first derivative of the surface elevation. Slope and curvature serve as useful input variables in erosion and hydrological models. provide different descriptions of the topographic heterogeneity. The curvature is described based on changes of slope.
DELAY DOPPLER MAPS PARAMETERS
CyGNSS Level 2.1 Science Data Record [4, 5] is selected for this study. TE and  are defined and computed following a similar approach as in a companion paper [9] . Here, this work is focused on a deeper underdtaing of the effects of rough topography in the GNSS-R observables. Raw topographic variables are first aggregated using the mean at a spatial resolution of ~ 5 km [10] . Then, a similar moving averging window is applied. This strategy enables the analysis using auxiliary data from different sensors with a variety of spatial resolutions. Fig. 1 shows the analysis over India with low-to-high topographic heterogeneity levels, including the Hymalayas region. TE significantly increases with higher values of TRI, TPI, slopes, and profile curvature [ Figs. 1(e ),(f)] because surface scattering becomes more diffuse for higher values of terrain heterogeneity variables. On the other hand,  increases over regions with lower topographic heterogeneity [ Figs. 1(g) ,(h)] because surface scattering is more specular over a less convex terrain, which in turn increases the water accumulation rate of the surface.
A CASE STUDY OVER INDIA: METHODS AND PRELIMINARY RESULTS
6-month of
The impact of the elevation angle e  is also evaluated. At a regional scale [ Fig. 1] , both TE and  increase for Local slopes cause the scattering area to be different from that calculated using a flat Earth assumption. Thus, they are a key-parameter in GNSS-R studies over land surfaces. In the case of arbitrary terrain slopes, the phase difference between two surface-scattered electromagnetic signals become uniformely random because the path length difference is several wavelengths. As such, on average, the resulting scattered power consists on the sum of the powers in the individuals waves.
Slope is the selected parameter to evaluate the relationship of the selected scientific observables with the selected heterogeneity variables. It is found that slopes increases with higher TRI 
CONCLUSIONS
Preliminary results show that spaceborne DDMs' parameters such as trailing edge TE and reflectivity  have a moderate-to-strong influence of the topographic heterogeneity and curvature DEM-derived parameters. This impact is higher at e ~ [20, 30] º than at e ~ [80, 90] º. Accurate retrieval of geophysical parameters such as Soil Moisture Content (SMC) and biomass requires to calibrate the collected Earth-reflected signals when there are mountains over the glistening zone. The effects could be up to the order of ~ 5 dB and several tens/hundreds of meters over India. 
